Introduction
Platinum (Pt) compounds such as cisplatin, cis-diamminedichloro platinum(II), and carboplatin are well-known antitumor agents [1] . Diethyldithiocarbamate (DDC, (C 2 H 5 ) 2 NCSS  ) is known to form a complex with Pt replacing other ligands previously bonded [2, 3] . We observed that the Pt-DDC complex could be extracted thoroughly with isoamylalcohol (IAA) at pH 3 -7 . The extraction of the complex with IAA results in not only its concentration but also in the elimination of most substances contained in biological materials, enabling injection of the sample in the direct mode without staining the inside of the capillary in electrospray ionization (ESI)-mass spectrometry (MS). In addition, we found that acidification of the Pt-DDC complex, i.e., the formation of a ternary complex, enhanced the signal of Pt(DDC) 3 
+ in ESI-MS. MS is a powerful technique for the determination of Pt. Mass dependent determinations
of Pt in several biological samples were performed using inductively coupled plasma (ICP) MS [4, 5, 6] . However, ICP-MS, requires rather large sample sizes that are not applicable to small animal tissue as well as human biopsy tissue. Previous studies have shown that the absolute amounts of Pt required at the limit of detection were 10 ng in 0.1 ml human plasma [4] , 60 pg in 300 mg fish liver [5] and 1 ng in 1 ml human plasma [6] , respectively.
In the present ESI-MS study, the limit of detection was 30 pg of Pt in 5 mg tissue where this amount enabled the measurement several times, since only 1 μl out of 10 μl IAA dissolving 30 pg Pt was injected in each measurement. 
Wet-ashing
Tissues from reference subjects were spiked with cisplatin (either 0, HNO 3 and wet-ashed at 85℃ for 8 h [7] . The final volume was adjusted to 10 μl. The amounts of samples and reagents in wet-ashing could be increased proportionally. The wet-ashed solutions could be used for one month at room temperature.
Sample preparation for examining recoveries and matrix effects
Pt 2+ (at 200 and 2000 pg/mg) and Ag + (at 1000 pg/mg) were spiked to reference tissues before and after the wet-ashing to examine the recoveries of Pt and Ag in wet-ashing. Similarly, Pt 2+ (at 100 and 1000 pg/μl) and Ag + (at 500 pg/μl) were spiked to either wet-ashed solutions of the reference tissues or 7M NaNO 3 aqueous solution to examine the matrix effect of wet-ashed tissue solution on ionization.
Sample preparation for calibration and quality control
Calibration standard solutions and quality control solutions were prepared by spiking Pt 2+ at either 0, 3, 10, 50, 100 or 1000 pg /μl to wet-ashed solutions of reference tissues containing Ag + at 500 pg/μl.
Analytical procedure
The pH of wet-ashed tissue solution ( 
ESI-MS operating conditions
ESI-MS was performed by using a TSQ 7000 LC/MS/MS quadrupole mass spectrometer (Thermo Quest, Japan) in the positive ion mode. One μl of the IAA layer was injected manually in the direct mode. The mobile phase consisted of methanol at a flow rate of 200 μl/min. The spray voltage was set at +4.5 kV, and the fused silica capillary temperature was set at 280 ℃ since the peaks of both Pt(DDC) 3 + and Ag(DDC) 2 + increased following an increase in temperature from170 to 280 ℃.
Nitrogen was used as the sheath gas (68 p.s.i.) and the auxiliary gas (8 units) to assist with nebulization. The electron multiplier was set at 1.3 kV and the scan time, 1.8 sec between m/z 100 and 1000. , respectively ( Fig.1(a) 
Results and discussion

ESI-MS
Difference between cisplatin and Pt
4+
The height of two peaks at m/z 639 and m/z 491, in addition to the peak-height ratio between them 
Effects of solvents and acids
The ionization efficiencies of both Pt(DDC) 
Recoveries and effects of matrix
Accuracy, precision, limit of detection, limit of quantitation and linearity
In IAA extracted from 7M NaNO 3 aqueous solution, the limit of detection and the limit of quantitation were 3 and 10 pg, since S/N = 3 and 10, respectively ( Fig. 3(a) ). These concentrations corresponded to 6 and 20 pg Pt/mg wet weight, respectively, in tissues. In the case of blank kidney tissue (Fig. 3(b) ), blank tissues did not exhibit any peaks at m/z 639 and the limit of detection in tissue was 6 pg/mg wet weight in all tissues. Intra-day and inter-day accuracy and precision of the method were examined and expressed as recovery and co-efficient of variation (C.V.) of the determination for Pt spiked at 20, 100, 200 and 2000 pg/mg wet weight ( Table 1 ). The deviation from the nominal value and the C.V. were lower than10 % in all samples in both intra-day and inter-day (Table 2 ) . Fig. 2(b) demonstrates the mass spectrum of 1 μl of IAA extracted from 0.5 mg patient kidney tissue containing 500 pg Ag as IS. The mass spectra of flow injections monitored at m/z 639 are shown in Fig. 3(b) . One μl of IAA extracted from 0.5 mg of the reference samples and patient samples were injected in duplicate. These samples were those of blank kidney, the kidney standard spiked with Pt at 1000 pg/mg wet weight and patient samples such as cerebrum, cerebellum, thymus, heart, adrenal, testis, pancreas, lung, spleen, left kidney, right kidney and liver, respectively, from left to right. Pt levels in tissues obtained from the patient were calculated based on the kidney standard ( Fig. 3(b) ), and were listed as value 1 in Table 3 . Following measurement in triplicate for each tissue, patient Pt levels were also calculated based on the respective calibration curve in Table 2 , and are listed as value 2 in Table 3 .
Patient samples
In previous reports using healthy animals, the Pt level of the kidney was 10-fold greater than that of the liver after two hours [12] and 3-fold greater after 8 days [3] , respectively. The
Pt level of the kidney was lower than that of the liver in our patient in the present study, whose death occurred 44 days after receiving an accidental overdose of cisplatin. We believe that the duration of time may be one of the contributing factors, which affected the distribution of Pt.
Conclusion
Herein, we propose a method for the rapid and decisive 
